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Abstract  
The overall aim of this work is to increase the awareness on patients with dizziness of 
vestibular origin. Physiotherapists in Norway have until recently paid little attention to these 
patients, even though they might benefit from treatment by the profession. Substantial aims 
were to translate the Vertigo Symptom Scale, short form (VSS-SF) into Norwegian       
(VSS-SF(NV)), to explore the instrument’s measurements properties and to use the 
instrument to gain knowledge of the long term development of the condition in dizzy 
patients. Further aims were to develop a modified program of vestibular rehabilitation 
therapy (MVRT), and to explore balance control, musculoskeletal function and symptoms 
following implementation of the intervention in patients. Two samples (Sample 1: N = 503, 
Sample 2: N = 36), recruited by the National Centre for Vestibular Disorders, Department of 
Otorhinolaryngology, Head-Neck-Surgery, Haukeland University Hospital were included. In 
both samples, the mean age was around 50 years, and 60 % were women. The majority had 
vestibular related disorders and had complaints of dizziness of long duration. 
Following translation of the VSS-SF(NV), the first study comprised a survey on 
patients in Sample 1. Survey data from the sample, complemented by data from Sample 2, 
were used to explore the instrument’s measurement properties. Two subscales 
(vertigo/balance, autonomic/anxiety) were identified as in the original scale, and the VSS-
SF(NV) revealed satisfactory discriminative abilities. With respect to evaluative properties, 
sensitivity to change was satisfactory, but responsiveness of the Norwegian version of the 
scale should be examined in future studies.  
The second study combined survey data with medical chart information on patients in 
Sample 1. The latter was registered median (interquartile range, (IQR)) 4.6 (4.3) years 
earlier. Survey data gave information on the current state of dizziness, while medical chart 
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data (symptom duration, neck pain, sway and diagnosis) in addition to sex and age, were 
used to explore potential prognostic factors. Severe dizziness, seen among those claiming 
current dizziness, was mostly related to problems with balance. More than half of the total 
group reported neck pain at the time of the survey, and dizziness in this sub-group was more 
severe than in those without neck pain. Symptom duration and neck pain predicted overall 
dizziness. Balance related dizziness was also predicted by these variables, in addition to 
sway and age. Neck pain was the only predictor of autonomic/anxiety related dizziness. The 
observed persistence and severity of dizziness may raise questions whether more efforts 
should be directed towards identifying the type of dizziness, rather than at diagnostic 
categorization when long-lasting dizziness is the issue. Questionnaire-based evaluations 
could assist in this process, and provide a better basis for specific rehabilitation. The 
implication of the findings may also raise questions with respect to treatment and referral 
routines for these patients.  
In the third study, a one-group pre-post test design was used to test patients from 
Sample 2 before and after the MVRT intervention. Focus was on balance control and 
dizziness. Two accelerometers positioned at upper and lower trunk detected body 
accelerations during gait. Results revealed attenuation pattern at trunk level in a cranial 
direction similar to that of healthy. Following intervention, increased stability of upper and 
increased mobility of lower trunk were identified, and also improvement in gait 
characteristics like cadence and step-length. The findings are compatible with improved 
control of balance, and were accompanied by improvement in self-reported balance by the 
VSS-SF(NV). 
The one-group pre-post design was also used in the fourth study which focused on 
musculoskeletal function. Patients in Sample 2 were examined by the Global Physiotherapy 
Examination (GPE-52) comprising 52 standardized items classifying the musculoskeletal 
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system in 5 domains (posture, respiration, movement, muscle, skin). Prior to the MVRT 
intervention, musculoskeletal dysfunction was seen globally and also within the 5 domains 
indicated by higher scores than that of healthy persons. Following intervention, the 
musculoskeletal function improved. Decrease in the GPE-52 sum-scores globally and in the 
respiration and in movement domains, was found. Improvement in the latter was particularly 
localised to the upper body region. Self-reported symptoms relating to balance on the VSS-
SF(NV) did also improve.  
Based on the findings in the present work, it looks as if dizziness manifests and 
persists over time in some patients. The findings raise questions regarding the existing 
treatment and referral routines, and the need to offer organised vestibular rehabilitation at 
some point in time. As access to physiotherapy is dependent on referral from medical 
doctors, a closer collaboration between physiotherapy and the medical profession on this 
matter is desirable. A modified program of vestibular rehabilitation may improve the control 
of balance by promoting of more effective trunk attenuation and bodily movement strategies, 
and also improve self-perceived balance problems. 
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Introduction 
The thesis is based on four papers which are part of a project carried out in the period    
2002–2006 at the University of Bergen, Department of Public Health and Primary Health 
Care, Section of Pysiotherapy Science in co-operation with the National Centre for 
Vestibular Disorders (NCVD). The NCVD, established in 2000, is localized in the 
Department of Otorhinolaryngology, Head-Neck-Surgery, Haukeland University Hospital. 
Approximately 800 patients are examined in the NCVD for problems related to dizziness on 
an annual basis. As physiotherapist, I have been part of the team since the start.  
Dizziness is a non-specific symptom caused by many different pathophysiologic 
mechanisms [1]. It can be understood as an umbrella term for a wide spectre of sensations 
that can be a normal reaction, or associated with pathology depending on the situation and 
setting. Dizziness is a transient problem in most people. For some it may however, persist 
and lead to functional problems, resulting in social isolation, reduced work capability and 
quality of life (QoL). Dizziness as a subsidiary problem is frequently seen in physiotherapy, 
and it is an impression that advice like “avoid situations provoking …” or, “you’ll have to 
learn to live with ….” are given. Patients with dizziness as a primary symptom have 
traditionally not been treated by Norwegian physiotherapists, nor has there until recently, 
been focus on this group of patients in the basic education of the profession.  
Treatment of people with dizziness was set on the agenda in England more than       
60 years ago  by T. Cawthorne and F.S. Cooksey [2]. Patients suffering from post-concussion 
syndromes and vestibular disorders were treated by active exercises. It was recognised that 
activity improved the prognosis, particularly if exercises that provoked dizziness were 
included [2]. An outline of the programme which was offered in a class setting can be found 
in Appendix (Table 1). A renewed interest regarding dizzy patients started in the late 1980-
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ties with the increased awareness of the vestibular system’s role in the control of balance [3]. 
Today several professions are involved in rehabilitation of these patients. Although long-
lasting dizziness has psychological overtones, it is important to address the physical 
symptoms and signs [4-6]. In an earlier article it was claimed that [7]: “….. it is early and 
efficient physiotherapy that may be the decisive factor between a return to normal activity, or 
a life of chronic invalidism”. Although this might be too strong a statement, it is probably 
true that some patients with long-lasting dizziness could benefit from vestibular 
rehabilitation given by physiotherapists. It is therefore a problem that referral to 
physiotherapy is relatively uncommon and not offered routinely, even on the international 
arena [4,8-10]. The present thesis will hopefully increase the awareness of this patient 
population among physiotherapists in Norway.    
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Dizziness  
Dizziness and vertigo  
The present work focus on patients referred to The National Centre for Vestibular Disorders 
by their doctors with persistent complaints of dizziness. Dizziness reflects altered orientation 
in space, indicating a discrepancy between internal sensation and external reality, creating 
sensory conflicts between the vestibular, visual, and somatosensory systems [11]. Dizziness 
can be caused by disorders in any of these systems, or it can be a central problem involving 
the integration and weighting of the different modalities and their relation to memory [11].  
A variety of terms: imbalance, swaying, drunkenness, spinning, floating, giddiness, 
fainting, feeling unreal, walking on clouds, disoriented or light-headed wooziness [12,13] are 
used by lay-people to describe dizziness. The most common type of dizziness is vertigo [14]. 
According to The American Academy of Otolaryngology-Head and Neck Surgery, vertigo is 
defined as a “sensation of motion when no motion is occurring relative to earth’s gravity” 
[12]. This does not delimit vertigo in relation to dizziness, but rather implies that any type of 
motion can qualify as vertigo [12]. In a series of population studies from Germany [15-17] 
the term vestibular vertigo comprising 1) rotational vertigo 2) positional vertigo and            
3) recurrent dizziness with nausea and either oscillopsia or episodic imbalance, was used. 
The first two categories are fairly specific, denoting vertigo while the last is a wide category. 
In another recent study [18], dizziness was defined as a) dizziness in which things spin 
around, b) unsteadiness, light-headedness or feeling faint, c) dizziness in which the 
respondent seems to move. From this, the spinning and moving sensations of vertigo can be 
recognised, as well as a more unspecified category. The definitions seem however, to cover 
the same sensations. In cases of mild or partly compensated vestibular disorders dizziness, 
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more than well-defined vertiginous sensations are perceived [12]. It might be difficult to 
differentiate between the various concepts [19]. In the present work dizziness and vertigo are 
considered synonyms.  
Symptoms and signs  
According to Taber’s cyclopedic medical dictionary [20], symptoms can be defined as any 
perceptible change in the body or its functions which indicates disease or phases of disease. 
Symptoms can be classified as objective, subjective, cardinal; principal and important, and as 
constitutional; pertaining to the whole body. Symptoms classified as subjective, are per se 
unobservable [20], although symptoms can be expressed through behaviour. This aspect is 
not focused on in the present work. Observable indications are referred to as objective signs 
[20]. Physical signs are any objective evidence of an abnormal nature in the body or its 
organ, more or less definitive and obvious, and apart from the patient’s impression.  
For many of the patients included in this work, dizziness most likely started as an 
acute event associated with autonomic symptoms and general feelings of malaise [21]. The 
symptoms can thus be considered being cardinal and constitutional [20]. Dizziness as a 
symptom is an internal and private experience, i.e. it is described and interpreted differently 
by different people [13] and cannot be subjected to social validation [20]. Dizziness was 
most likely also a cardinal symptom when the patients came for medical examination at the 
NCVD years later, even though the nature of dizziness might have changed. The sensations 
at this stage could most likely be described as vague feelings of dizziness and visual 
problems, associated with unsteadiness. Unsteadiness as a perception can be classified as a 
symptom [20]. The dizziness-unsteadiness sensation might be difficult to separate. 
Unsteadiness resulting in a fall affects the whole body. As such it can be observed and 
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considered a sign [20]. Signs related to unsteadiness could also be less obvious and manifest 
indirectly as reduced control of balance resulting in for example, reduced gait speed [22].   
Another, but less focused feature of patients with long-lasting dizziness relates to 
symptoms and signs from the musculoskeletal system. To the extent that problems in this 
system are recognized, they are considered secondary to dizziness [23] and the result of 
compensatory strategies. The strategies could result in restricted body movements, muscle 
tension, fatigue and pain [24]. Over time, flexibility and ability to relax, muscle tension, 
respiration and posture are negatively affected. Musculoskeletal problems can therefore also 
be classified as constitutional [20]. Some problems from the musculoskeletal system can 
only be sensed by an individual, i.e. pain, which thus reflects symptoms. Other aspects such 
as reduced range of motion, can also be observed, and reflect physical signs.  
In this work, dizziness is understood as a subjective symptom while physical 
characteristics identified in the musculoskeletal system are considered objective signs. 
Symptoms and signs in relation to International Classification of Function 
(ICF) 
The International Classification of Function (ICF) from the World Health Organization’s 
(WHO) [25] is a classification system describing the functional status associated with health 
conditions. Functioning denotes the positive aspects of the interaction between a person, a 
health condition and contextual factors, while disability is an umbrella term for the negative. 
The component body function comprises physiological and psychological functions, while 
body structure refers to anatomical parts of body systems. Impairment relates to abnormal 
function in body systems. In the component activities and participation, activity is the 
execution of a task or action by a person at an individual level while participation represents 
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the societal perspective of functioning. The corresponding negative connotations are termed 
activity limitations and participation restriction, respectively.  
In view of ICF [25] it is possible to describe the health condition in patients with 
long-lasting dizziness. For many of our patients, original symptoms and signs were the result 
of an abrupt, one-sided loss of vestibular function. This could be caused by damage to body 
structure (e.g. nerve as in vestibular neuritis), resulting in an asymmetric relationship 
between the functionally coupled (bilateral) peripheral vestibular system, leading to dizziness 
and the commonly associated unsteadiness. Although the asymmetry may be lifelong [13], it 
might be compensated for at higher cortical structure. However, patients in our samples may 
have had problems with the compensation, and were left with persistent problems. Over time 
the problems may have restricted activities and participation according to their expectancy 
[25].  
The balance system with focus on the vestibular system  
The overall balance system comprises 3 sub-systems: the vestibular, visual and 
somatosensory systems. Input from all systems is integrated in the central nervous system 
(CNS) and accompanied by appropriate muscular responses to maintain balance control [26]. 
Balance is maintained by keeping the projected centre of mass (COM) within stability limits 
[27]. Stability limits is a relative concept influenced by individual characteristics, the task 
and environmental factors [27]. The ability to retain balance is constantly challenged by 
internal and external demands. Damage in any sub-system could influence the capability to 
remain upright and balanced, and environmental factors could further challenge this ability.  
The peripheral vestibular system consists of 5 motion sensors located on either side 
of the head. The sensors are functionally coupled [28] and consist of 3 co-planar semicircular 
canals (SCC) arranged orthogonally, and 2 otolith organs (utricle, sacculus). The SCCs are 
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responsible for detecting change in angular velocity of the head, working in a push-pull 
fashion with its opposite fellow. Increase in impulses on one side results in an equal decrease 
on the other. The otolith organs sense linear acceleration and static tilt of the head with 
respect to gravity, and responds selectively to head motion in specific directions [28]. During 
(loco)motion, information from the peripheral sensory apparatus is submitted to centrally 
located, primary processors (the vestibular nucleus complex) in the CNS. The processors are 
responsible for fast connections between afferent and efferent impulses, and influenced by 
visual and somatosensory systems. Information is further submitted to the cerebellum, which 
monitors and readjusts the vestibular processes if necessary. Extensive connections exist 
between afferent structures and efferent activating systems. The most important reflexes are 
the vestibulo-ocular (VOR), the vestibulo-collic (VCR)  and the vestibulo-spinal (VSR) [28]. 
The VOR drive extraocular muscles and are responsible for co-ordinating eye-head 
movements and stabilization of images on the retina of the eye. Visual images are stable 
when VOR gain (the ratio of eye movement velocity to head movement velocity) is equal to 
1. Further, the VCR drive skeletal muscles responsible for stabilizing the head on the trunk, 
while the VSR stabilize the body to prevent falls [28]. The symmetric activity in the primary 
processors can be disturbed as seen in some diagnostic groups described later. The 
asymmetry triggers a compensation process.  
Vestibular compensation  
Vestibular compensation is the process by which a person may recover from unilateral 
vestibular deficiencies (UVD) [29]. Two main stages of this process; the static and the 
dynamic compensation, are outlined.  
Static compensation starts within days, is spontaneous and considered to be a robust 
process [29,30]. Following abrupt unilateral damage, asymmetry in neural signals to the 
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coupled motion sensors, gives rise to vertigo and autonomic symptoms, nystagmus (rapid eye 
movements), head tilt, ocular torsion and skew deviation of the eyes towards the affected 
side [29,30]. It is associated with postural instability, inadequate compensatory responses to 
head movement, as well as changes in the perception of body orientation and movement. 
Symptoms usually fade within 3-5 days. The process restores symmetric activity in the 
vestibular nuclei [29,30]. One month has been suggested to delimit static and dynamic 
compensation [31]. 
Dynamic compensation is less robust than the static compenstation, and is usually 
incomplete [29,32]. It is dependent on active input from the visual, vestibular and 
somatosensory systems [29]. Dynamic compensation is associated with VOR responses [29], 
which is sub-optimal because of the disrupted push-pull system of the SCCs. Adaptation is 
driven by movements supplying the necessary error signals (“slips”) across the retina. The 
process is supported by input from higher cortical structures [33]. The sub-optimal 
association between VOR and motor behaviour with respect to gain, timing and direction 
may persist [29,33]. The VSR and VCR responses may also remain disturbed [33] resulting 
in postural instability. In the dynamic phase, patients may experience partial or complete 
relapse (decompensation) [29], with return of symptoms associated with the acute phase. 
Decompensation can be triggered by stressful events, and/or reduction in cerebellar function 
[29].  
Dynamic compensation takes time, and is not always a straight-forward process. 
Heterogeneous aetiologies may lead to different compensation processes, but equivalent 
losses could also be compensated differently [29]. Roughly, 30 % of patients are suggested to 
compensate poorly [34], resulting in a condition referred to as chronic vestibular 
insufficiency (CVI) syndrome [29]. CVI is characterized by sensations of disequilibrium and 
oscillopsia (sensation of apparent movement of visual field, evident in quick head 
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movements). No particular markers that identify the well-compensated from the poorly-
compensated patients have been found [34]. Active head and body movements to produce 
error signals in the early phase, seem important for rate and level of recovery of VOR and 
postural control [30,33,35]. Some patients are considered effectively compensated as new 
sensory and behaviour strategies develop. The new strategies can be more or less 
functionally oriented. Replacing an ineffective VOR by voluntary catch-up saccadic (rapid 
changes in eye position) eye movements [29,33], or substitution of lost vestibular input by 
input from the somatosensory systems, may be considered functional strategies [33]. A less 
functional, but probably very common compensatory strategy is to avoid head movements 
[6]. Sub-optimal function is masked in the developed strategies [29], but permanent 
deficiencies are embedded and appear when the system is challenged. A challenging task 
would be walking. During performance, the deficient system is unable to coordinate head- 
and eye movements to maintain a clear vision [36]. 
Recovery has a large subjective component [29] and is influenced by psychological 
factors, age and motivation [6,29,30]. Compensation can be considered a learning process 
where non-vestibular sensory input and cognitive-behavioural strategies are suggested to play 
a role, although the underlying mechanisms are not completely understood [29]. The patients 
included in the present work have persistent dizziness and associated visual problems and 
unsteadiness. Problems typically present in ambulatory tasks and are reinforced in “noisy” 
situations, such as a crowded and busy supermarket. They could be typical for patient that are 
sub-optimally compensated and could benefit from relearning programs. 
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Diagnostic groups  
The present work includes patients classified in 6 diagnostic groups.  
Benign positional paroxysmal vertigo (BPPV) is the most common cause of vertigo 
[37]. BPPV is characterized by brief episodes of vertigo typically lasting less than 1 minute, 
precipitated by rapid change in head position, and sometimes associated with postural 
instability between attacks [37]. The pathological mechanism is primarily explained as 
canalolithiasis, i.e. debris (otoliths) from the utricle floating freely in the semicircular canals. 
Debris, with higher density than the endolymph, sinks to the lowest point when the head 
moves in the plane of the specific canal. The endolymph is forced to move, deflecting the 
cupula by suction or pressure, depending on the direction of the movement [38]. The 
condition can be diagnosed (Dix-Hallpike manoeuvre) and treated by physical manoeuvres 
(e.g. Epley’s manoeuvre) [39]. Once the offending stones are removed from the labyrinth, an 
intact labyrinthine function can be regained. BPPV may occur spontaneously [37], it is seen 
after head traumas [39], vestibular neuritis [21] and Menierès disease [40]. The condition is  
most common in women [37], it is often self-limiting and resolves spontaneously within 6 to 
12 months [37]. Bilateral involvement ranges 10–20 % [37]. Clinically, instant resolution of 
symptoms is seen, but long-term resolution is questioned [39,41]. Recurrence rate up to 40 % 
has been reported [42]. 
Vestibular neuritis is the second most common cause of vertigo [37] characterized by 
an acute onset of prolonged rotational vertigo exacerbated by head movements. In the acute 
stage the condition is particularly associated with autonomic symptoms: malaise, pallor, 
sweating, nausea and vomiting [21,37]. Vertigo is the result of imbalance in tonic vestibular 
activity of the vestibular nuclei [21]. There is evidence of viral infection in the vestibular 
nerve [21,37], but well-accepted diagnostic criteria do not exist [21]. Vestibular neuritis is 
common among the 30-60 years old, with a peak for women in 4th decade, for men in 6th. 
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Acute symptoms subsides fairly quickly (48-72 hours) [37] with gradual return to normal 
within weeks [21,37]. In the acute stage, treatment aims at reducing symptoms by medication 
[21]. Return of peripheral vestibular function can to some extent be expected [29], and 
recovery is further enhanced by central compensation [21,29]. Some patients have residual 
non-specific dizziness and balance problems, which are particularly associated with 
ambulatory tasks [21].  
Menierès disease is characterized by fullness in one ear, reduction in hearing, tinnitus 
and vertigo during acute attacks which may last up to 24 hours [37]. Attacks are commonly 
associated with nausea and vomiting [37], leaving the patient with sensations of postural 
unsteadiness. Patients are left with a normal or near normal labyrinthine function between 
attacks [29]. In early stages, hearing may gradually return to pre-attack level, but over time 
permanent sensorineural hearing loss is common. Spontaneous attacks diminish in frequency 
and severity over the years [37]. However, tinnitus may remain, influencing QoL negatively 
[43]. The cause remains uncertain, but endolymphatic hydrops as a result of mal-absorption 
of endolymph is fundamental in the development. Whether this is the actual cause or an 
observed pathological change, is not clear. Onset is usually within 4th to 6th decade, and a 
genetic factor is suggested. Distribution is equal between the sexes, and bilateral 
involvement is identified in 33-50 % of the cases [37]. Medical treatment, chemical or 
surgical destruction of vestibular structures are some of the many treatments being offered 
for relief of fluctuating symptoms [44]. The vertiginous attacks usually become weaker over 
the years. 
Vestibular schwannomas (acoustic neuroma) is a nerve sheath tumor localized in the 
internal auditory canal or cerebellarpontine angle usually presenting with progressive 
sensorineural hearing loss [44]. In some cases the condition starts with vestibular symptoms 
and sudden hearing loss [44], and dizziness is reported as the symptom having the greatest 
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impact on health-related QoL [45]. Diagnosis is confirmed by image technology. Treatment 
options are conservative, or surgical, depending on size, location and rate of growth of the 
tumor, and associated symptoms. If surgically treated, the patient may be left with complete, 
permanent unilateral vestibular dysfunction [46] which triggers a compensation process. 
Symptoms may resolve within weeks after surgery, but some patients do not recover fully 
and have persistent discomfort [46].  
Cervicogenic dizziness is defined as “a non-specific sensation of altered orientation in 
space and disequilibrium, originating from abnormal afferent activity in the neck” [47]. It is 
common following neck injuries [47,48] and suggested to result from abnormal input of 
signals to the vestibular nuclei from proprioceptors in the upper cervical region. A cyclic 
pattern is implied: muscle spasm arising from abnormally functioning cervical 
proprioceptors contributing to dizziness, which then contributes to muscle spasm [47]. The 
condition’s existence is questioned by some [49]. It is diagnosed as a clinical entity in our 
clinic based on exclusion of other possible causes, as done by others [47,48,50]. It is also 
referred to as cervicogenic, cervical or musculoskeletal vertigo [47,50,51].  
Non-otogenic dizziness or “others” is a diagnosis of exclusion according to the 
classification system in our clinic. Patients present with a history and similar symptoms as 
that of vestibular disorders. Classification into more clearly defined groups, is not possible 
by means of clinical and laboratory tests.  
Epidemiological aspects 
Studies on dizziness differ regarding the concept of dizziness, by inclusion of different 
populations and age groups, different case definitions, data collection methods and also 
different measures of prevalence and incidence. Direct comparison between studies is 
therefore complicated. In general population studies, the frequency of dizziness is reported to 
 26 
range from 10 % to 30 % [17,52-55]. In a study from Germany, the lifetime prevalence of 
dizziness/vertigo was 29 %, 1-year prevalence 23 %, and 1-year incidence 3 % [17]. The 
corresponding figures for vestibular vertigo were 7.4 %, 4.9 %, and 1.4 % respectively [17]. 
Studies recruiting participants via health care registers and primary care in the Netherlands, 
England  and Scotland, showed that 20-25 % reported dizziness-related problems 
[9,18,56,57]. Among these, 22-29 % visited the general practitioners for this reason. A 
Spanish group, studying a sample considered representative for the general population, 
reported that close to 2 % consulted primary care centres for vertigo, the annual incidence 
was 0.8 % [58]. In Germany, the annual incidence of dizziness/vertigo was reported as 1.8 % 
with 0.9 % for vestibular vertigo [17]. Referral from primary to specialist care institutions in 
Scotland for dizzi- and unsteadiness was 4 % in a 1-year period [9,18], while in a study from 
England (no indication of time) showed that 11-20 % were referred from primary to hospital 
care [9,18]. Dizziness is most common in women [9,17,18,52-54,57,58] and shows an 
increasing trend with age in most studies [17,18,54], with a marked increase among the 
eldest [53,54].  
In Norway, 5 % of the general population report substantial problems with dizziness 
[52]. It is the main reason for visit to primary care in 2 % of the consultations (no indication 
of time) [59]. According to the Norwegian National Insurance Service, more than 70 % of 
those with complaints of dizziness are in the working age group. Dizziness may result in 
time away from work, force a change in occupation or abandon professional activities, 
hamper everyday activities, lead to social isolation and thereby influence QoL 
[17,18,56,57,60]. In 2008, 294 million Norwegian kroner was paid as compensation for sick 
leave for this reason. Another 16 days paid by the employer can be added. Although 
dizziness/vertigo is a relatively rare cause of long-term certified sickness absence in Norway 
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[61], long-term sickness absentees with dizziness/vertigo have a substantial risk for 
obtaining disability pension [61].  
Treatment of vestibular disorders 
No common treatment has been identified for the whole spectre of vestibular disorders [32], 
but symptomatic treatment is offered along several lines: pharmacological, physical, surgical 
[32], and cognitive-behavioural [5]. Physical approaches, i.e. traditional vestibular 
rehabilitation therapy (VRT) and a modified version of this (MVRT) are described.  
Traditional Vestibular Rehabilitation Treatment (VRT)  
Vestibular rehabilitation treatment (VRT) originated in England (Appendix, Table 1) in the 
1940-ties [2,62]. VRT aims at improving visual acuity and balance by reducing dizziness 
through central compensation [63,64], as well as improve physical condition and the general 
level of activity. Goals further aim at increasing knowledge, promote normal ways of living, 
and reduce fear and social isolation [64]. The core component is exercises that provokes 
dizziness [64,65] and different types are used for this purpose [64]: Vestibular adaptation 
exercises target long-term changes in the vestibular-ocular system by combining visual 
fixation and head movements to introduce error-signals required for compensation. 
Substitution exercises enhance sensory input to the system by stressing the use of the visual 
and somatosensory cues. Habituation exercises using repeated exposure to provocative 
stimuli, should over time result in a reduction of responses, i.e. sensation of dizziness. The 
three strategies are combined and commonly given as customized treatment based on the 
individual patient’s needs [64,66,67].  
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A Cochrane study found moderate to strong evidence that VRT was safe and effective 
in cases of BPPV, vestibular neuritis, labyrinthitis, unilateral Menière’s disease and 
vestibulopathies following surgical procedures [68]. Another systematic review [69] found 
strong scientific evidence for effectiveness in vestibular hypofunction, multisensory 
dizziness and Menière’s disease. Moderately strong evidence for effectiveness of VRT was 
seen following vestibular surgery, while insufficient evidence was seen in dizziness of 
neurological origin, BPPV, phobic postural vertigo, and dizziness associated with whiplash 
disorders of the neck. Inclusion criteria and diagnostic terms differ between the studies 
[68,69], but both studies seem to agree that VRT is effective in most vestibulopathic groups 
of patients. There are however, reports indicating that only 65 % may find VRT beneficial 
[70]. VRT is driven by the presence of symptoms more than specific diagnoses and 
underlying causes [68]. Patients with stable disorders are potential candidates [37,68]. 
Improved function can be expected after 6 weeks, possibly influenced by the duration of 
problems [64].  
New approaches, such as optokinetic stimulation in virtual reality environments and 
biofeedback systems [65,71-73] have been introduced. Movement systems such as Tai Chi 
[74], and treatment programmes with focus on breathing rhythm [75] have also been tested. 
The nature of the compensation process suggests that there could be many ways to treat 
patients with vestibular deficiencies [30]. It is an open question if some form on VRT is 
more effective than other [68]. 
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The Modified Vestibular Rehabilitation Treatment programme (MVRT)  
A modified vestibular rehabilitation treatment programme (MVRT) was developed for the 
present work. The approach explicitly aims at the relief of musculoskeletal symptoms, at 
reducing the fear of being active and moving about, in addition to the aims of traditional 
VRT.  
The MVRT programme is based on Norwegian Psychomotor Physiotherapy (NPPT) 
which focus on the body-mind interaction [76] by seeing the body as a functional, integrated 
unit where respiration, muscles, posture and movement are considered interdependent. It is 
assumed that the whole body reacts to physical and psychological strain over time, affecting 
the flexibility and ability to relax, muscle tension, respiration and posture [76]. The tradition 
can be identified as a form of body awareness therapy [77] emphasizing body consciousness 
to deepen body experience. In MVRT, special attention is paid to the musculoskeletal system 
to promote the stability-flexibility dimension of the body, bearing in mind that compensation 
is promoted by dizziness provoking movements. The classical adaptation/habituation 
exercises of VRT are mostly incorporated in functional movements in the MVRT. The 
individual is made aware of bodily changes by “site and situation” reflections in relation to 
performance.  Progression is by varying the speed and range of motion, the starting position 
and ground conditions, creating increasingly more challenging tasks and situations. Various 
relaxation techniques are included, and each session ends with dialog/discussion focusing on 
specific topics and/or today’s experiences. The intervention is further described in Paper IV. 
The theoretical foundation of the MVRT draws on social cognitive learning theory 
(SCLT) [78] which acknowledges the interplay between the individual, behaviour and 
environment. Direct and indirect ways of learning are central, and self-efficacy, defined as an 
individual’s belief in the ability to master [78] is a key in the learning process as it can be 
influenced through self-reflection and external reinforcement. The coping strategies in the 
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fear-avoidance model [79]: confrontation and avoidance are acknowledged. The first may 
reduce fear, the latter which is suggested to maintain or exacerbate fear, is a typical strategy 
used by many of the patients included in our studies. Direct learning through practice of 
movement is the key to change behaviour: Practice may change Attitude and Knowledge 
(PAK-model) [80]. Movement in a wide sense, i.e. from specific exercise to behavioural 
strategies in everyday activities, is considered the active, confrontational coping strategy. 
Practicing movements also has cognitive elements as practice requires that the patient is 
focused. The interdependent self-efficacy and mastering incorporate the above elements and 
implies that if convinced, extraneous resources can be brought forward in attempts to reach a 
wanted goal. This may enhance beliefs and improve skills, which further influence self-
efficacy positively and is the basis for our approach to the patients included in this work.  
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Aims of studies  
The purpose of the present investigation was to gain knowledge of symptoms and signs in 
patients with long-lasting dizziness. Further, to implement a modified programme of 
vestibular rehabilitation therapy (MVRT) in patients with long-lasting dizziness, and to 
explore whether control of balance and musculoskeletal functions could be improved 
following the MVRT programme. The specific aims of the studies were to:  
 
 Translate and adapt the Vertigo Symptom Scale, Short Form (VSS-SF) into 
Norwegian, and to examine measurement properties of the instrument (Paper I). 
 Explore the long-term development of dizziness in groups of patients examined in a 
university clinic, and factors that could influence the prognosis (Paper II). 
 Implement a modified programme of vestibular rehabilitation therapy (MVRT) for 
patients with long-lasting dizziness (Papers III, IV).  
 Examine attenuation of trunk acceleration during gait in patients with long-lasting 
dizziness. Based on an assumption that attenuation could be influenced by a 
programme of MVRT, change in trunk attenuation was explored following 
intervention (Paper III).  
 Examine localization and extent of dysfunctions in the musculoskeletal system in 
patients with long-lasting dizziness. Based on an assumption that the musculoskeletal 
system could be influenced by a programme of MVRT, change in musculoskeletal 
function was explored following intervention (Paper IV). 
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Designs, material and methods 
The thesis can be divided into 3 parts. The first part looks into the measurement properties of 
a self-report questionnaire (Vertigo Symptom Scale–Short Form, (VSS-SF)) translated into 
Norwegian (VSS-SF (NV)) (Paper I). The second is an observational study focusing on 
symptom status (Paper II). The third part is a longitudinal study including two sub-studies 
focusing on balance control (Paper III) and musculoskeletal function (Paper IV).  
Ethics  
The project was approved by the Regional Committee for Medical Research Ethics in 
Western Norway (West 143.98) with permission to establish a data base from Norwegian 
Social Sciences Data Service (NSD) (8766/2005008708), and carried out in accordance with 
the Helsinki Declaration. Written informed consent was obtained from all patients. Written 
information was submitted as part of the questionnaires in the observational study. The 
informed consent was returned with the questionnaires in Sample 1. In Sample 2, written and 
oral information were given, and informed consent was signed during the first test session.   
Designs 
To explore the measurement properties of the VSS-SF (NV), cross-sectional (survey) and 
longitudinal (test-retest) designs were used [81] (Paper I). In the observational study, cross-
sectional (survey) and retrospective (archival) designs [82,83] were combined to examine the 
long-term development of dizziness and the predictive ability of some known factors (Paper 
II). The one-group pre-post test design [81] in the intervention study, was used to examine 
balance control associated with attenuation of trunk accelerations (Paper III), and the extent 
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and localisation of musculoskeletal dysfunction (Paper IV) before and after a modified 
programme of vestibular rehabilitation.  
Material  
Two samples included patients recruited from the NCVD. All patients had been examined by 
otolaryngologists for persistent dizziness. The examination was supported by standard 
otoneurological laboratory tests as described in the laboratory’s protocol, i.e. audiometry 
(pure tone and speech), static posturography (eyes open and closed), electronystagmography 
with bithermal caloric tests, tests for spontaneous and positional nystagmus, ocular smooth 
pursuit, and saccades. Details of the samples are given in Table 1. 
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Table 1: Descriptives of patients in Sample 1 and Sample 2 
 Papers I,II Papers I, III, IV 
 Sample 1 
N = 503 
Sample 2 
N = 36 
Female participants, n (%) 303 (60) 22 (61) 
Age in years, mean (SD) 50.0 (11.7)  48.4 (11.6)  
Vestibular diagnoses, n (%) 311 (62) 30 (83) 
Caloric asymmetry, mean (SD) 21.0 (18.3)1 38.3 (33.2)  
Eyes open, sway path in mm, mean (SD)  630 (410) 2 629 (1484)  
Eyes closed, sway path in mm, mean (SD) 1040 (750) 1713 (1533) 
Symptom duration in months: debut to  
medical examination, median (IQR)  21.5 (49.0) 
3 12.5 (18.8)  
Symptom duration in months: medical  
examination to survey, median (IQR) 57.0 (50.0) 
 
Neck pain at baseline, n (%) 135 (27) 8 (33)4 
Use of medication in relation to dizziness, n (%) 40 (8) 0 (0) 
Still dizzy, n (%) 365 (73) 36 (100) 
Symptom severity in the still dizzy by  
VSS-SF(NV), mean (SD)  17.2 (10.1) 15.8 (9.0) 
Spells of dizziness within the last month, n (%)  295 (59) 36 (100) 
1n: 420, 2n: 467, 3n: 442, 4n: 24, SD: Standard deviation, IQR: Interquartile range 
 
 
Sample 1 (Papers I and II)  
The cohort was recruited from patients examined between 1992 and 2001 (N = 2067) at the 
NCVD. Primary classification was into one of four categories (vestibular, neurological, 
injuries, and non-vestibular). Further sub-classification into diagnostic groups based on 
medical chart information, was done retrospectively by experienced otolaryngologists. 
Identification of patients for the survey study was based on age (18-70 years) and diagnoses. 
Diagnoses in the vestibular category comprised patients with the following peripheral 
vestibular diagnoses: BPPV, vestibular neuritis, Menière’s disease and vestibular 
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schwannoma. Central vestibular disorders were excluded. The non-vestibular category 
included: cervikogenic and non-otogenic dizziness. The inclusion criteria were met by 821 
patients (Figure 1). The survey was undertaken in May-June 2002.  
 
 
Figure 1: Sample 1, recruitment of participants to the survey (Papers I and II)  
1 Imputation by the arithmetic mean of the respective vertigo/balance and autonomic/anxiety sub-
scales of the VSS-SF(NV) if one or two items were missing [84]. 
 
Sample 2 (Papers I, III and IV) 
Sample 2 consisted of 4 cohorts included prospectively. Patients examined at the NVCD 
between 2003 and 2005, were approached if the diagnosis was compatible with 
uncompensated vestibular disorder following vestibular neuritis. Exclusion criteria were 
evidence of primarily central vestibular disorder, progressive vestibular pathology, genetic 
Patients entered into the study 
N = 821 
Responders 
n = 549  
Responders with 
missing data 
n = 86 
Imputation 
possible1 
n = 40 
Discarded  
n = 46 
Patients with sufficient data 
Sample 1: n = 503 
Non–responders 
n = 272 
Completed 
forms 
 n = 463 
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hearing loss and/or neurological/musculoskeletal/visual/psychiatric disorders. Potential 
participants should live in the vicinity of the treating institution (max 1.5 hours by public 
transport), and 93 patients were identified and invited to participate in the project. Written 
information was followed by a telephone call, after which 36 patients agreed to be tested by 
physiotherapists. Potential candidates declining participation (n = 57) claimed to be better 
from the dizziness, some gave logistical reasons (day, time), while others felt they lived too 
far from the treating institution. Details of inclusion can be found in Figure 2. 
 
  
Figure 2: Recruitment of participants (Sample 2) to the intervention study (Papers III, IV)  
1The GPE-52 examination was not available at the time for 4 patients (Paper IV) 
Patients tested at baseline by  
Decline intervention n = 8 
 Felt better n = 4 
 Logistic reasons n = 4 
Sample at follow-up  
n = 20 
Paper IV 
Patients tested at follow-up by 
Drop out n = 4 
 Felt worse n = 2 
 Logistic reason n = 2 
Missing data due to           
Instrumental failure n = 2 
Human failure n = 1 
Accelerometer 
n = 24 
GPE-52 
n = 20 
Intervention 
Sample at follow-up 
n = 21 
Paper III 
Accelerometry   
N = 36 
GPE-52 
N = 321 
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Methods  
The following section focuses on the 3 outcome measures. All the included variables are 
presented in Appendix, Table 2. 
Dizziness by self-reports 
The Vertigo Symptom Scale (VSS), which is a self-administered, condition specific 
instrument capturing symptoms of dizziness within the last 12 months, was published in 
England in 1992 [85] (Appendix, Table 3). The instrument aims at isolating the relative 
contribution of vertigo/balance (VSS-V) and autonomic/anxiety (VSS-A) on dizziness. 
Variables were generated from former interviews with members of the target group and from 
literature [85]. The original instrument contains 34 items and was introduced with a one-year 
recall period [85], although shorter recall period has also been used [65]. The measurement 
properties of the VSS have been explored in several studies [85-89]. The scale has been 
translated into other languages [89-91] and is frequently used for descriptive purposes 
[55,92-94] and in intervention studies [65,95,96] in patients recruited from primary and 
secondary care institutions. 
The modified, short form of the VSS (VSS-SF) (Appendix, Table 2) was introduced 
in 1998 to assess the benefit of therapy [23,97].  The short version, selected for the present 
work, consists of 15 items extracted from the VSS. Vertigo/balance (8 items) and 
autonomic/anxiety (7 items) sub-scales can be identified. The recall period is one month. The 
items are scored on a 5-point Likert type of response scale (scale 0-4), and higher scores 
indicate more problems. Scores can be presented as sum-scores, or as mean scores by 
dividing the sum-score with the relevant number of items [98]. The short form has been 
translated into other languages [99,100], it has been used for descriptive purposes [31,100], 
and in intervention studies [23,43,67,97,101,102]. Satisfactory internal consistencies (> 0.70) 
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on the total scale [57,99] and on sub-scales [103] have been reported on the VSS-SF. Long 
term (6 months) test-retest reliability (0.60) has also been reported [23]. Severe dizziness has 
been defined as ≥12 points [67]. The instrument is responsive to change [23,104], and a 
change ≥ 3 points on the VSS-SF has been defined as clinically significant [67]. 
The Norwegian version of the VSS-SF: Permission to translate the VSS-SF into 
Norwegian and to name it the VSS-SF(NV) (Norwegian version) was granted by Lucy 
Yardley (Paper I). Translation into Norwegian was done according to international 
guidelines [105-107], i.e. forward and backward translations followed by reviews and 
modifications. The scale was translated twice by two different groups, each consisted of 3 
persons. 
Translation was guided by ethnocentric and pragmatic understanding [105,107] 
which focus on whether a construct is transferable to other cultures. Dizziness can be 
considered a hypothetical construct, operationally delimited by 2 sub-constructs; 
vertigo/balance and autonomic/anxiety [23]. It is possible that this made dizziness less 
abstract and easier to interpret. Words and phrases used by our Norwegian dizzy patients, 
were recognized from the original short version [23]. A meaningful translation could 
therefore be supported [105,107]. The number of people involved in the translation could be 
considered small [108]. However, translations were done twice by two independent teams 
highly skilled in the English and Norwegian languages and knowledgeable in concepts used 
by dizzy patients. This could strengthen the translation process [105-107]. The translation 
seemed to provide a scale with overall conceptual, semantic and technical aspects in line 
with the original scale [105]. The Norwegian version of the VSS-SF is presented in 
Appendix. Exploration of the VSS-SF(NV)’s measurement properties was undertaken 
following translation.  
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Balance in gait by accelerometers 
Rhythmic oscillations of the body during gait associated with cyclical movements of the 
lower limbs [109,110] can be detected by body mounted accelerometers without constraining 
gait [111,112]. An accelerometer is a force transducer measuring the reaction forces 
associated with a given acceleration [112], and gradual attenuation of the oscillations can be 
detected by the device. Acceleration measured in the vicinity of centre of mass (COM) has 
been suggested as a global indicator of balance control [111,113,114], and has recently been 
reported in a large number of gait studies on healthy persons and patients with impaired 
balance control [111]. For patients included in our study, gait can be considered a 
challenging task, particularly when it comes to control of balance. 
Data from the gait tests was collected by two low-inertia (30 gram) triaxial 
piezoresistant accelerometers (Logger Technology HB, Malmö, Sweden). Test-retest 
reliability of the instruments has been reported as satisfactory [115]. Segmental positioning 
of accelerometers has a potential to give information on attenuation processes in respective 
parts of the body [113,116]. The instrument and procedures have been described in details 
elsewhere [113,117-119], thus an outline is given. Triaxial accelerometers allow 
identification of accelerations associated with body oscillations along orthogonally arranged 
antero-posterior (AP), medio-lateral (ML) and vertical (V) axes. Linear accelerations (g) 
represented by root mean square (RMS) values can be measured, and reflect the mean 
amplitude of accelerations across the distance travelled [113], g is the unit of gravity. When a 
measurement axis is not horizontal, a piezoresistant accelerometer registers a static gravity 
component in addition to the accelerations caused by the moving body. The gravity 
component was corrected for by use of an algorithm [118] to assess true dynamic 
acceleration. Little drift, as well as excellent precision and accuracy has previously been 
reported [117] for the accelerometers employed in our study. Previous research [120] has 
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indicated little variability of accelerometers with repeated use. The accelerometers were 
connected by a 0.60-m coaxial cable to a battery operated portable PCMCA datalogger 
(Logger Technology HB, Malmö, Sweden). Analogue signals were lowpass filtered at 55 HZ 
before being sampled at 128 HZ to avoid aliasing.  
Accelerometers have been used to register spatio-temporal gait variables in a reliable 
manner [111,113,118,121,122].  Body accelerations are influenced by gait velocity 
[113,116], age [123,124] and environmental conditions [125,126]. Trunk accelerometry in 
ambulatory tasks has been used in several studies on young and elderly healthy 
[113,119,127-129] as an indicator of balance control, and to study walking patterns in 
varying environmental conditions [113]. Diverse control strategies have been identified.  
Musculoskeletal function by clinical examination  
The Global Physiotherapy Examination (GPE) is a modification of the Global 
Physiotherapeutic Muscle Examination [130] originally developed within the NPPT tradition 
to examine musculoskeletal dysfunctions in patients met in psychiatric institutions [130]. 
The GPE can be use to assess the physical functioning of the musculoskeletal system and 
includes 52 well-defined and standardized items within 5 main domains (posture, respiration, 
movement, muscle, skin). The instrument, referred to as GPE-52, registers information from 
the upper and lower extremities, trunk and head [131]. The examination comprises 
observation of posture, respiration and active movements. Range of motion (ROM), 
flexibility and ability to relax, are assessed by passive movements. Muscle tension and 
compressibility, and skin elasticity and compressibility, are assessed by manual palpation. 
Each of the 52 items is scored according to deviation from a predefined ideal standard, i.e. 
“zero”. The 15 point scale has scores ranging from - 2.3 to + 2.3 [131]. The “±” indicates 
“more” or “less” of a quality compared to a standard, while absolute values indicate degree 
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of dysfunction. Higher scores indicate more problems. Overall sum-score, sum-scores from 
the 5 main domains and from 13 sub-domains can be derived, giving a more comprehensive 
picture of the patient’s functional problems by indicating the degree of problems “globally” 
or “locally” [131].  
Satisfactory psychometric properties are demonstrated in patients with long-lasting 
musculoskeletal pain [131]. Inter-tester reliability has previously been reported as 
satisfactory [131]. Localization and extent of muscular dysfunctions have been demonstrated 
in sub-groups of patients [132]. Norms for groups of patients and healthy persons are 
available [133]. The scale discriminates between between patients and healthy persons [133] 
and sub-groups of patients [133]. High GPE-52 scores are associated with more extensive 
impairments physically as well as psychologically in patients with long-lasting 
musculoskeletal pain [134]. The scale has been found sensitive and responsive to clinical 
important change [135].  
Procedures 
Papers I and II: A booklet containing a set of questionnaires, among them the VSS-SF(NV), 
was sent to the patients with a pre-paid envelope for return of documents. Following the first 
send-out, 423 (52 %) forms were returned. Non-responders were sent up to 2 reminders after 
which a total of 549 (67 %) responded. Inspection of the forms indicated missing items in 86 
of the returned forms. Data could be imputed in 40 forms, while the remaining 46 forms 
were discarded. These 46 responders did not differ from the rest of Sample 1 on background 
information (age, sex and diagnosis). Following imputation, 503 (61 %) had a complete set 
of data on the VSS-SF(NV).  
Papers III and IV: Assessment by physiotherapists included gait tests and 
examination of the musculoskeletal system. Assesment was carried out according to a 
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standardized protocol pre- and post-intervention. One physiotherapist managed gait testing 
and the questionnaires, the other the clinical examination. The test-session lasted between 1 
to 1.5 hours.  
Gait test by accelerometry: Care was taken to avoid unnecessary movement between 
the accelerometers and the body in order to reduce the influence of the static gravity 
component. The 2 synchronized accelerometers fitted snugly to the body at the lower and 
upper trunk by fixation belts. The distance between the lower and upper accelerometers was 
registered and positioning of the devices was adjusted to retain the same distance between 
the instruments on both occasions. 
Patients walked along an 8.5 m long marked path. Instructions were given [119] 
according to a standardized protocol: 1) “Walk slowly as if you were waiting at a bus stop”. 
2) “Walk at your normal, comfortable speed”. 3) “Walk as fast as you can safely, without 
running”. Time was registered during steady state walking for the middle 4.3 m by 
photoelectric cells connected to a computerized stop-watch. Six sequences (forward and 
return, times 3) of data were generated by each patient. The path areas before and after 
registration were used to adjust speed. The patients walked back and forth with a short 
interval between walks, patients had the opportunity to sit down. Six sequences of data was 
collected for each patient. Registration was preceded by a pre-test walk for familiarization. 
Patients walked barefoot or with shoes at pre- and post-intervention tests. Calibration of the 
accelerometers against gravity [117]  was carried out on a horizontal surface before each test 
session according to standardized procedures (Paper III).  
2) Filling in a booklet of questionnaires including the VSS-SF(NV), was done on site 
by the patients without assistance.  
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3) Musculoskeletal examination according to the GPE-52. The examination was 
according to a manual, and done by the same therapist on all the patients. The therapist was 
involved in the clinical examination only (Paper IV).  
Test-retest reliability (Papers I, III): Patients were asked to fill in the questionnaires 
at home 48 hours after the original testing, and return it by mail in a pre-stamped envelope 
(Paper I). Gait test by accelerometry was repeated approximately 45 minutes after the first 
gait test (Paper III). 
Intervention (Papers III, IV): The MVRT programme was given as group treatment 
(5-9 participants starting in each group) each sessions lasting 1.5 hour (60 minutes exercises, 
30 minutes dialog/discussion) once weekly over 9 weeks. The programme was 
complemented by a home training programme. A third physiotherapist was responsible for 
running the intervention and was only involved in this part of the project. 
Statistical analyses  
Score distribution on the main outcome measures was inspected by Q-Q plots and by 
comparison of mean and median scores, and approximate normality could be assumed. 
Demographic data were reported as mean, standard deviation (SD), confidence interval (CI), 
median and interquartile range (IQR), according to data. 
Paper I:  The underlying structure of the VSS-SF(NV) was examined by exploratory 
factor analysis (EFA), while internal consistency, was examined by Cronbach’s alpha (α). 
Receiver Operating Characteristic (ROC) curves and the Area Under the Curve (AUC) were 
used to explore the scale’s ability to discriminate between sub-groups of patients in Sample 
1. Pearson’s correlation was used to explore the construct validity, and test-retest reliability 
was examined using intraclass correlation coefficients (ICC 1,1 agreement) in Sample 2 in the 
thesis. The within-subject standard deviation (Sw) based on the analysis of variance 
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(ANOVA), was used to calculate the smallest detectable difference (SDD) at an individual 
level as (1.96 x √2 x Sw) is presented in the thesis (Table 2). Analyses were based on data 
from Sample 2.  
Paper II: The one-way ANOVA model with Bonferroni’s post-hoc test was used to 
compare differences in symptom scores between diagnostic groups in Sample 1. A two-way 
ANOVA model was used to analyse the impact of 2 independent variables, dizziness (2 
categories), and diagnosis (6 categories) on symptom severity, and whether symptom score 
differed in dizzy and not dizzy patients, and if there was an interacting effect between 
dizziness and diagnosis. The general linear model (GLM) procedure of SPSS [136] with the 
repeated measures option, was applied to explore the impact and possible interacting effect 
of dizziness and diagnosis on the symptom sub-scales, and the 2 independent variables 
(dizziness and diagnosis) were further used as grouping factors with sub-scales as repeated 
factor. Simple (unadjusted) and multiple (adjusted) logistic regression analyses were used to 
identify possible predictors of long-term development of symptoms. Non-normal continuous 
data was explored by the Kruskal-Wallis test, while Pearson’s chi-square statistic examined 
differences between groups in dichotomous data. 
Paper III: Gait velocity, cadence and step-length were calculated from accelerometry 
data in Sample 2. A quadratic relation between many gait variables and walking speed has 
been demonstrated in relation to walking, and quadratic curve estimates of such relations can 
be computed for a subject when data from at least 3 different walking velocities are available 
[113].  From the individual’s curve estimate, a point estimate could be calculated at a 
normalised walking speed when actual walking speeds were self-administered by the subject. 
Analysis of the RMS trunk accelerations, cadence, and step-length were done at a normalised 
velocity of 1.2 m/sec, which was identical to the mean preferred walking speed, and within 
the range of speed for all included patients before and after intervention. Data processing was 
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carried out in Matlab versions 6.5 and 7.1 and Excel for Windows, version 2000XP in line 
with previous work [113]. Paired samples t-tests were used to explore differences in mean 
acceleration values and mean symptom scores. 
Paper IV: Paired samples t-tests were used to explore differences in mean scores on 
the GPE-52 and in mean symptom scores. Wilcoxon’s signed rank test was used to compare 
change in GPE-52 items. 
To explore associations between the outcome measures, Pearson’s bivariate product 
moment correlation (r) was used [81] on change scores of the variables. To compare the 
measures sensitivity to change, the unitless standardized response mean (SRM) was 
examined [137]. The SRM was calculated by dividing change scores by the SD of the change 
score. As sample size was comparable, it can be inferred that the largest SRM gives the most 
significant change [137].  
Statistical significance was set at p ≤ 0.05 for all studies. Analyses were done by the 
statistical programme SPSS Windows versions 13-16.  
Comment on the use of parametric statistics 
The use of parametric statistics on sum-scores originating from ordinal data such as seen in 
the VSS-SF and the GPE-52 examination, is controversial [81]. The discussion is an ongoing 
debate with strong opinions on either side, and beyond the scope of this thesis. However, 
both instruments are constructed with numerals assigned to the underlying ordinal scales and 
take on the assumption that the underlying concept in each successive category increases or 
decreases in line with the assigned number [107]. Scaling properties are not a requirement 
for use of specific statistical procedures as long as assumption of normality, independence 
and homogeneity are met [81]. Parametric statistics has been claimed to be fairly robust in 
analysis of ordinal data [138], and a pragmatic approach is that data can be analyzed as if on 
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interval level without introducing severe bias, unless distribution is severely skewed 
[81,107].  
The sum-scores of the VSS-SF(NV) and sub-scales in Samples 1 and 2, as well as the 
sum-scores of the GPE-52 in Sample 2, met the assumption of normality. The large N in 
Sample 1 makes this sample less vulnerable for skewed distribution [139], but normal 
distribution was also demonstrated in the diagnostic sub-groups of Sample 1. In Sample 2, 
normal distribution on the GPE-52 was seen within the domains and sub-domains, but not on 
the item level, and non-parametric statistics were therefore used in analyses of data at this 
level. Data obtained from the accelerometers are at the ratio level. 
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Synopsis of papers  
Paper I: Psychometric properties of the Vertigo Symptom Scale - 
Short Form  
The aim of this study was to translate, adapt and explore the measurement properties of the 
VSS-SF for use in Norway. The factor structure, the internal consistency, and discriminative 
ability were examined using data from Sample 1 (n = 503). Construct validity and test-retest 
reliability were explored by a sub-sample (n = 28) of Sample 2. EFA revealed 2 factors 
relating to the vertigo-balance and autonomic-anxiety dimensions of dizziness (Figure I, 
Table 2). Internal consistency (α) for the total and sub-scales was satisfactory (> 0.80). 
Construct validity was explored by examining the VSS-V’s relation to a “gold standard”, i.e. 
balance in the standing position represented by sway measured by static platform 
posturography. Moderate correlation (r = 0.52; p < 0.01) was found between VSS-V and 
sway, while no correlation was demonstrated between sway and the VSS-A, validating the 
VSS-V as a measure of balance. The ability to discriminate between dizzy and not dizzy 
people (Figure 2, Table 3), was stable and satisfactory for the VSS-SF as well as for the 
sub-scales (AUC 0.77 - 0.91), and cut-off values were identified (VSS-SF: 6.5, VSS-V: 2.5    
VSS-A: 3.5) (Table 3). The instrument did not discriminate between vestibular and non-
vestibular types of dizziness. Satisfactory test-retest reliability (Table 4) was demonstrated 
for the total scale and the sub-scales (ICCs 0.88 - 0.90). The measurement properties of the 
VSS-SF (NV) seemed to be satisfactory. 
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Paper II: Long-term symptoms in dizzy patients examined in a 
university clinic  
The study aimed to investigate the long-term course of symptom development according to 
the VSS-SF(NV) by combining survey data with existing medical chart data registered in 
Sample 1 (N = 503) around 4.5 years prior to the survey. The sample’s mean age was around 
50 years at the time of the survey, and women were slightly overrepresented. Dividing the 
sample into 6 diagnostic groups, showed differences with respect to symptom duration, sway 
(path length) and neck pain (Table 1). Severe problems with dizziness, indicated by scores   
≥ 12 VSS-SF(NV) points, were seen in the total group, and in 5 sub-groups (Table 2). 
Vertigo/balance- and autonomic/anxiety-related symptoms were present in all groups (Table 
2). Split into currently dizzy (74 %) and currently not dizzy, the first group scored             
17.2  VSS-SF(NV) points compared to a score of 5.0 points in the latter. Although symptoms 
related both to vertigo/balance and autonomic/anxiety, balance related problems dominated 
among the currently dizzy (Table 3). More than half (59 %) reported neck pain at the time of 
the survey. Symptom duration and neck pain predicted dizziness (Table 5). Balance related 
dizziness was also predicted by these, in addition to sway and age. Neck pain was the only 
predictor of autonomic/anxiety related dizziness. The medical diagnoses itself had no 
particular influence, and it was not possible to distinguish between dizziness of vestibular 
and non-vestibular origin. The persistence and severity of dizziness may raise questions 
whether more efforts should be directed at identifying the type of dizziness, rather than 
towards diagnostic belonging. It is suggested that questionnaire-based evaluations could 
assist in this process, and provide a better basis for specific rehabilitation. The implication of 
the findings may raise questions with respect to treatment and referral routines.  
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Paper III: Improved attenuation of trunk acceleration during 
walking following intervention in patients with unilateral 
vestibular deficiencies  
The aim of the study was to explore attenuation at the trunk in patients with unilateral 
vestibular deficiencies (UVD) during ambulation assuming attenuation to be compromised. 
Adequate attenuation of trunk accelerations to reduce the impact of body oscillations on the 
head is critical in controlling the head as a stable platform for perception of sensorimotor 
information. Further, it was an aim to see if attenuation at the trunk could be improved 
following intervention by the MVRT programme. The sub-sample of Sample 2 (Table 1) 
consisted of 21 patients (mean age: 51 years, women: 57%) with complaints of dizziness that 
had lasted on average 2.5 years at the start of the project. Patients were tested before and 
after the intervention. Body mounted accelerometers at lower and upper trunk registered 
linear trunk accelerations during unconstrained walking. Symptoms were registered by the 
VSS-SF(NV). Significantly higher accelerations at the lower compared to the upper trunk 
was seen both before and after intervention. More effective attenuation was found following 
intervention. Increased accelerations at the lower and decreased accelerations at the upper 
trunk along the antero-posterior (p = 0.05) and medio-lateral axes (p < 0.01) indicated 
improved attenuation (Table 3). After controlling for walking speed, cadence was reduced  
(p = 0.01) and step-length increased (p = 0.01). Self-reported balance on the VSS-SF(NV) 
improved (p = 0.05). Increased stability of the upper trunk associated with increased mobility 
of the lower trunk during walking, is compatible with improved head control as a basis for 
perception of sensorimotor information and facilitating balance control. The use of 
accelerometry may be useful for identification of balance control during walking in UVD 
patients.  
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Paper IV: Physical findings in patients with dizziness undergoing 
a group exercise programme 
The aim of the study was to examine localization and extent of physical manifestation of 
muscular dysfunctions in 32 patients (Sample 2) with long-lasting dizziness by the GPE-52 
(Table 3). It was further an aim to investigate whether the instrument detected changes in the 
musculoskeletal system following completion of the MVRT programme. Symptoms of 
dizziness were registred by the VSS-SF(NV). Pain was registered by a pain drawing. 
Findings prior to intervention demonstrated musculoskeletal dysfunctions by the GPE-52 
sum-scores (Table 4) as compared to previous findings in healthy persons. Dysfunctions 
were related to posture, indicated by a flexed head position. Restricted respiration and 
movements, the latter indicated by reduced flexibility and ability to relax, and restricted 
ROM in the upper trunk, were also observed (Table 4). All (n = 24), but 3 of those who 
filled in the pain drawing reported pain. Of these, 8 patients (33 %) reported pain located in 
the upper body only, 7 patients had pain in the upper and lower body. Severe dizziness (≥ 12 
points) was registered by the VSS-SF(NV) (Table 5). After intervention, improvement in 
muscular function was seen according to the GPE-52 score (p < 0.001) (Table 4), and 
changes were particularly found in respiration and in movements of the neck and upper 
trunk. Self-reported balance did also improve (p < 0.05) (Table 5). The study showed that 
musculoskeletal dysfunctions were common in our patients and that the MVRT improved 
respiration and movements in the upper body as well as self-reported balance.  
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Discussion 
Methodological issues  
Papers I, II: Design and material  
By combining designs, the measurement properties of the VSS-SF(NV) and current state of 
patients could be explored in a cost-effective and relatively easy manner [81,82]. The designs 
(survey, archival) are however, vulnerable to low response rate and missing information 
[83,140], which may challenge study validity. Response rate could have been influenced 
negatively by seasonal factors, and posted reminders were used to increase this. To further 
increase the response rate, imputation of missing items was undertaken where possible 
resulting in 503 forms with complete set of data. Questions can be raised whether answers 
from non-responders would have had an impact on the results [82]. There is no simple 
answer to this as it requires asking the non-responders directly, which has ethical as well as 
legal implications. This was not an issue, and to the extent that the question could be 
explored by existing data (Paper II), it can be argued that this was unlikely.  
Missing information from the medical charts was seen in registrations on 
posturography and on date of debut. The 5 % missing from the posturography registrations 
corresponded to 2 periods where the platform was unavailable. Duration of symptoms could 
not be calculated for approximately 10 % of the sample. The greatest percentage was, as 
expected, found in the vestibular schwannoma group, since the condition typically develops 
gradually. Missing information on medical charts resulted in varying sample size (Paper II, 
Table 1), which still remains a large sample.  
Sample 1 can be classified as a sample of convenience [81] expected to represent the 
entire population [81]. Potential participants might however have been missed through the 
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diagnostic process. In most of the included groups, lack of specific symptoms and definite 
criteria [50,141] complicate the diagnostic process. The majority (62 %) of our patients had a 
vestibular disorder (Table 1). The rest had similar symptoms, but lack of specific organic 
findings classified them in the non-vestibular category. In about 1 of 7 cases, the cause of 
dizziness is not established [142,143]. This does not necessarily exclude vestibular causes 
[9,13,14,89]. The mixture of vestibular and non-vestibular categories is common in specialist 
clinics [50,85,89,143], the percentage of vestibular categories varies from 44 % to 65 %  
[89,142,143].  The sample was drawn from specialist institutions, and selection bias could be 
a problem. Symptoms are highly personal experiences [144], and these patients may present 
with atypical, and/or more complicated symptoms than that seen in other settings.  
A response rate of 61 % can be considered acceptable in a postal survey [145], and 
particularly in view of sample size [82]. Larger samples are suggested to be more 
representative of the population than smaller samples [82]. The sample size and response 
rate of the present study should be sufficient to allow valid conclusions.  
Papers III, IV: Design and material 
In this quasi-experimental longitudinal design, referred to as a within-group design [81] as a 
single group is tested before and after intervention. The design is considered to be a weak 
design, where patients act as their own control.  
Sample 2 consisted of 4 cohorts making up a sample of convenience. Inclusion was 
by careful reading of journal notes in view of the defined inclusion and exclusion criteria. 
The process resulted in a fairly homogenous sample as the condition most likely originally 
was caused by vestibular neuritis. Age as inclusion criterion was not strictly followed. One 
older patient (73 years) was invited by a mistake and included after the physiotherapy 
examination. The examination did not reveal any other health complaints than those related 
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to dizziness. It is possible that age as inclusion criterion should have been less strict, and 
examination should rather have guided the inclusion. Inclusion further comprised 
consideration of addresses. As the clinic served the whole country, this was a necessary pre-
requirement to make sure that participation in intervention was practically possible. Several 
potentially suitable patients were excluded for geographical reason, and no information is 
available on these patients. Active use of the defined criteria, can be said to add some 
strength to the rather weak sampling method, but care should be exerted when drawing 
conclusions [81,146].  
Issues of validity 
Validity comprises several dimensions. A valid instrument should identify problems and give 
meaningful information [81], and this is the focus for the discussions in the following 
sections. As the measurement properties of the VSS-SF were explored for the first time in 
this Norwegian version, the instrument is discussed against recently suggested quality criteria 
for health status measurements [147]. The discussion then focuses on validity of findings 
from the main outcome measures in the respective papers. 
Instrumental validity, Paper I, II 
Content validity is positively rated if aims, target population, concepts and item selection are 
described [147]. These elements were taken care of in relation to developing the mother 
instrument, the VSS [85]. The VSS-SF is derived from the VSS [23,97] and consist of sub-
scales in line with the mother instrument (Appendix, Table 2). Care was taken that the 
Norwegian instrument included apparent key terms from the original scale. The content 
validity of the VSS-SF(NV) can thus be said to be similar to that of the mother instrument. 
Content validity of the VSS-SF(NV) is also strengthened by floor (9 %) and ceiling (3 %) 
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effects below the recommended 15 % [147]. As there is no other instrument in the 
Norwegian language that detects symptoms of dizziness, examination of criterion validity of 
the VSS-SF(NV) [147] was not pursued.    
Homogeneity, i.e. internal consistency of the VSS-SF(NV), was investigated by EFA. 
The ratio of sample size to items included was satisfactory [147]. The factor structure of the 
VSS-SF had not been explored, although principle component analysis (PCA) of the long 
version (VSS) had been examined [85,89-91]. Differences between the various versions of 
the scale, as well as differences in the analytic approach, complicate direct comparison 
(Paper I, Table 2). PCA could result in inflated component loadings [148,149] altering the 
nature and interpretation of the construct [149], but this was not found. The sub-scales of the 
VSS-SF(NV) were in concordance with the original scales (Paper I, Table 2). The scale 
with    sub-scales can probably be considered to be robust. Internal consistency was also 
explored by Cronbach’s alpha as recommended [147]. Both the total and sub-scales had 
alpha-values above acceptable limits (> 0.70) [147].  
To examine construct validity of the VSS-V, this sub-scale was correlated with a 
measure on balance in the standing position (static posturography, sway registration). 
Satisfactory (r = 0.52) correlation was observed taking the different type of measures into 
consideration [150]: self-report and physical performance. The number of participants         
(n = 28) was below that (n = 50) recommended [147], making the estimate less robust than 
desirable. Construct validity [147] should be tested by several hypotheses, and at least 75 % 
should be in concordance with suggestions. Only one hypothesis was tested in the present 
study, but assumptions of low correlation (p = 0.30), between VSS-A and balance in 
standing, and between the sub-scales (p = 0.41) were confirmed, supporting the tested 
hypothesis.  
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Parametric statistics could be used, and the ICC was used as an indicator of reliability as 
recommended [147]. Reliability was satisfactory (ICC1,1agreement > 0.70) (Paper I, Table 4), 
although the number of participants (n = 28)  was below recommendations (n = 50) [147]. 
Filling in forms was part of an extensive test battery, the risk for recall bias was considered 
small and no change in the clinical situation was expected. The test-retest interval can thus 
be justified [147].  
In line with recommendations [147], agreement is reported as measurement error at 
an individual level (SDDindividual) (Table 2).  
 
Table 2: Absolute reliability (Sw), and smallest detectable difference 
(SDD) of the Norwegian version of the Vertigo Symptom Scale-Short Form 
 (VSS-SF(NV)) and sub-scales  (N = 28) 
 
Scale (scale range) Sw SDD 
VSS-SF(NV)  (0-60) 2.8 7.8 
VSS-V (0-32)  2.0 5.5 
VSS-A (0-28) 1.4 3.9 
VSS-V: vertigo/balance sub-scale, VSS-A: autonomic/anxiety sub-scale  
 
No definite value exists regarding the size of measurement errors [147]. An SDD of 8    
VSS-SF(NV) points (Table 2) to claim true change on the overall scale, is probably more 
than what would be considered clinically important by patients with long lasting dizziness, as 
well as by clinicians. Similar arguments can be put forward for the SDDs of the sub-scales. 
A larger sample (n = 50) as suggested to explore this property [147], might have resulted in 
smaller SDs and consequently smaller SDDs. Terwee and collaborators [147] suggest to 
calculate the SDD for groups based on the SDDindividual (SDDgroup = SDDindividual/√n). Based 
on this, an SDDgroup of 1.5 VSS-SF(NV) points is found. This is lower than the previously 
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defined 3 VSS-SF points [23,67]. There are no previous values reported on clinically 
significant changes for the sub-scales. Our results could support that a clinically significant 
change in the region of 2-3 points on the total scale is feasible in groups of patients with 
long-lasting dizziness, even though the value at the individual level is somewhat high.  
The measurement properties of the VSS-SF(NV) were explored in relevant target 
groups and conducted in a setting similar to future use in line with the recommendations 
[147]. Sample size can be said to be acceptable taking into consideration that the suggestions 
are opinion based [147]. Rating of the 9 factors on the VSS-SF(NV) and on the original short 
form VSS-SF, is presented (Table 3) according to Terwee et al’s suggestions [147]. Positive 
rating is given to 7 of the factors for the VSS-SF(NV). Information is not available for 1 
factor (responsiveness), while it can be argued that evaluation of criterion validity is not 
applicable as VSS-SF(NV) represents the gold standard.  
 
Table 3: Quality criteria for measurement properties of the VSS-SF(NV) and VSS-SF 
based on Terwee et al.141 
  
Scale 
version 
Content 
validity 
Internal 
consistency  
Criterion 
validity 
Construct 
validity 
Reproduci-
bility  
(Agreement) 
Reliability 
Floor 
ceiling 
effects 
Responsi-
veness 
Interpret- 
ability 
VSS-SF 
(NV) 
+ +  + + + + ? + 
VSS-SF + 0      +  
VSS-SF(NV): Vertigo symptom scale - short form, Norwegian version; VSS-SF: Vertigo symptom scale - short 
form 
Scoring:  (+) = positive rating, (0) = indeterminate rating, (-) = negative rating, (?) = 
no information available 
 
Acceptable study designs were used  to explore the VSS-SF(NV) as a discriminative 
instrument [147], and the instrument exhibited a high degree of reliability. Identified cut-
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points for dizzy/not dizzy (Paper I, Table 3), and scores for various diagnostic subgroups 
(Paper II, Table 3) assist in the interpretation of the scale. This is complemented by cut-
point regarding severity (≥12 VSS-SF points) reported in the original version [67]. An 
acceptable design [147] was also used to explore sensitivity to change in the VSS-SF(NV), 
and satisfactory level of agreement [147] was found. Study of responsiveness was not 
undertaken in the Norwegian version. However, findings in studies on the original VSS-SF 
[23,67], and in another translated version [104] indicate a responsive scale.  
Instrumental validity, Paper III  
Satisfactory test-retest reliability (> 0.70) was found on both accelerometers (Table 1). 
Satisfactory test-retest reliability has also been reported by others in relation to gait 
[115,120,125,151]. Excellent precision and accuracy have previously been reported for the 2 
synchronized accelerometers [117].   
According to Kavanagh et al. [120] the risk for variability in reapplication of 
accelerometers is small. The procedure for positioning the instruments secured the same 
distance between the instruments (p = 0.25) over time. By fitting the accelerometers to be in 
close contact with the body at the lower and upper trunk, unnecessary movement between the 
accelerometers and the body was avoided. This reduced the influence of the static gravity 
component during testing. Variability could also have been caused by systematic shift in 
performance. To familiarize with the situation, habituation walks were performed prior to 
registration, and no training to task effect was observed (Table 1) between test and retest 
[115]. 
Normalisation of velocity prior to analysis allowed comparison of speed dependant 
variables across patients and test situations [113]. However, a common range of velocities 
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must be available and care must be taken to secure that the range of velocities demonstrated 
by each subject includes the chosen normalized speed. Although instructions and pre-testing 
was undertaken to limit the risk of non-overlapping ranges, the results from one patient had 
to be omitted because velocity was outside the range of the rest of the group. There is also a 
risk for technical failure in studies like this, and the results from two patients had to be 
omitted for this reason. How this might have influenced results is not known.  
The psychometrically sound instrument and the standardized test procedures reduce 
external factors influence on the results. The analytic procedures made it possible to compare 
the results across patients over time.   
Instrumental validity, Paper IV  
The GPE-52 has been established as a psychometrically sound instrument [131], small 
measurement errors and high inter-tester reliability has been found. The GPE-52 is 
dependent on observations and interpretation of qualities in body function and structures.  
The same therapist examined all the patients which could introduce bias in scoring in several 
ways. To minimize the risk for variability and subjectivity in scoring [152], calibration 
between colleagues was undertaken on a regular basis. Based on the design, the therapist 
knew that all the patients examined post-intervention had participated in the programme. 
This could influence interpretation of the findings [81]. Care was taken not to have pre-
intervention results available at post-intervention testing to minimize this effect. Care was 
also taken not to exhaust the patients as patients’ motivation and efforts, fatigue and lack of 
concentration, can influence the examination and results [81], but no-one has made any 
comments to this extent. There is nothing indicating that scores are influenced 
systematically. 
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The GPE-52 is founded on the NPPT tradition [76]. As a measuring instrument, the 
GPE-52 reflects here-and-now observation in a standardized and systematic manner. The 
NPPT assumes that the versatile body, given the opportunity, would change. And further, 
assessment represents such an opportunity. These assumptions imply that capturing the here-
and-now status, is invalid as the body is in a position to change. This is a discussion beyond 
the present work. Systemization and standardization is necessary in order to compare groups 
and capture change over time.   
The GPE-52 fulfils the requirements for being a reliable and valid measure  according 
to Rothstein [81]. As a composite measures it is more reliable [107,153] than isolated tests 
with respect to capturing function. 
Validity of findings from self-reports, Papers II, III, IV 
Validity raises questions whether the VSS-SF(NV) has given meaningful information.  As 
expected, patients claiming current dizziness had the highest scores (Paper IV, Table 5, 
Paper II, Table 3). Scores among those not being dizzy (Paper II, Table 3) were lower 
confirming our expectations. In the dizzy group (Table 1) scores were above the defined (≥ 
12 VSS-SF points) severity limit, but severe dizziness defined at this level on a scale ranging 
0–60, could be questioned. The definition must be interpreted in view of the condition, i.e. 
dizziness of long duration, but the limit between scores in patients with acute versus long-
lasting dizziness, should be explored.  
Standardization of information by the VSS-SF(NV) may challenge validity as 
symptoms reflect private experiences [13,20]. Interpretation of symptoms are influenced by 
perceived sensations, whether it is conceived as chief complaint, by judgement relating to the 
origin of symptoms, and by the importance and meaning given to the sensations [154]. The 
latter may have changed several times in view of the duration of the condition, and the 
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reports may exaggerate morbidity, claiming symptoms that are not really present, as well as 
increased severity [144]. The best way to pass on this type of information is voluntarily [144] 
and by use of own words [155], not possible in a standardized instrument like the VSS-
SF(NV). 
Symptoms relating to anxiety/depression, which are common in patients with 
persistent dizziness [98], are not captured by the VSS-SF(NV). This might be considered a 
shortcoming in this work. It has been suggested that focusing on these dimensions might lead 
to denial [98]. It can be argued that all versions of the VSS instrument capture 
vertigo/balance and autonomic/anxiety, which could give sufficient information on the type 
of problem the patient is facing. The physiotherapists’ professional knowledge is first and 
foremost directed towards physical aspects of a condition. If symptoms mainly relate to the 
anxiety dimension, assistance from other professionals should be considered.  
Another dimension that could be said to be lacking relates to QoL. The Dizziness 
Handicap Inventory (DHI) [156], the UCLA Dizziness Questionnaire (UCLA –DQ) [157], as 
well as the Medical Outcome Study Short-Form Health Survey Questionnaire (SF-36) [158] 
are all QoL measures, frequently used in patients with dizziness from a variety of causes 
[45,159-166]. The psychometric properties of the DHI and UCLA–DQ are however 
questioned [167,168]. QoL represents a separate, distinct dimension from symptoms. QoL is 
a social construct associated with feelings of disability, and interpreted in view of the 
individual’s expected role in society [153]. Self-reports on QoL, may reflect adapted life-
styles disguising underlying problems [169]. On the other hand, capitalising on different 
types of measures could have expanded the information obtained. Although not reported 
here, QoL instruments were used in the project. 
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Self-reports such as the VSS-SF(NV) are considered the gold standard [170] when 
symptoms are focused. Information by the instrument is of value as it extends 
uncontaminated information on symptoms of dizziness, and we should trust the patient to 
submit their true perception implying that findings on the VSS-SF(NV) are valid.   
Validity of findings from balance in gait, Paper III  
Patients with dizziness typically report problems related to unsteadiness during ambulation. 
Poor trunk control [171], reduced trunk motion [172] and excessive head movements 
compared to healthy persons  [173,174] have been described in relation to walking. It is 
possible that the normal trunk-head stabilisation processes are disturbed resulting in 
problems with balance and visual stability [30]. Attenuation of trunk accelerations is 
associated with the control of balance [109,110,175,176]. Therefore, exploring trunk 
accelerations in relation to gait holds a potential to reveal underlying control strategies. 
Our findings showed attenuation patterns in a cranial direction similar to those of 
healthy [124] at pre- and post-intervention. By comparing the attenuation pattern pre- 
intervention to that found post-intervention, it could be inferred that attenuation had been 
compromised. The change, resulting in a more flexible lower, and more stable upper trunk, 
might well reflect improved head control [110] facilitating balance control. Changes related 
to RMS acceleration in the horizontal plane imply that modulation of horizontal acceleration 
is not only linked to shock absorption, but also to aspects of balance control by stabilizing 
the head-on-trunk as a platform relative to which vestibular and visual information is 
processed [110]. It is not unlikely that this important function of the vestibular system is 
impaired in UVD patients. Limitation with respect to stabilization in gait, has been reported 
in this group of patients [172-174]. The greatest change was seen along the ML axis and the 
ability to attenuate acceleration along this axis has previously been suggested to be of 
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particular importance for balance control [119,177]. The pre-intervention attenuation pattern 
could have influenced head stability and consequently balance control [30,178]. 
Examination of balance in the standing position is the traditional way to measure 
balance. Several types of platform exist for this purpose, a categorisation suggested by 
Bronstein [179] divides the traditional approach into static posturography where the patient 
stands quietly on the platform as opposed to dynamic posturography when additional balance 
perturbations or stimuli are added [179]. Balance in standing and balance during walking, 
requires different strategies. Measuring balance in the standing position may leave faulty 
impressions of adequate compensation due to underloading and hide functional problems 
[180,181]. It is possible that balance in the standing position is satisfactory as part of a 
diagnostic process, but questions could be raised if these methods are adequate as indicator 
for functional change in long-lasting dizziness.  
Examination of balance in patients with long-lasting dizziness should be performed 
in challenging tasks such as gait. Methods by accelerometry might however, be unobtainable 
in most clinical practices. Currently there is no accepted clinical “gold standard” [182]. The 
Dynamic Gait Index (DGI) [183] and a modified version, the Functional Gait Assessment 
(FGA) [182], have been used with vestibular deficient patients. Both tests show some 
methodological problems [182]. Testing the DGI scale [184] on a Norwegian group of 
patients, confirmed the presence of a ceiling effect, as well problems with scoring. In a recent 
project [185], elements from 6 different clinical tests were combined in a test battery to 
identify deficiencies in underlying balance control systems. According to the investigators 
[185], methodological issues as well as the usefulness of the test battery needs to be further 
examined.  
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Gait analysis is a method that gains validity by revealing functional dimensions of 
balance control. These aspects have to our knowledge, previously not been examined in 
patients with vestibular disorders. The obtained information can assist in understanding how 
balance is disturbed in these patients. It is possible that trunk accelerations registered in even 
more challenging environmental settings than the flat floor of the present study, would have 
given more information. 
Validity of findings from the musculoskeletal system, Paper IV  
Inclusion of the GPE-52 measure [135] was based on face and content validity in view of the 
problems presented by the patients. According to the tradition, NPPT [76], the body is an 
integrated unit. Transferred to patients in our study: impairments in vestibular function may 
impact the whole body. Over time this may result in bodily compensatory strategies which 
can be manifested as changes in the musculoskeletal system [131].    
Our clinical experience prior to starting the present work, indicated that patients with 
dizziness presented with alteration in posture, pain, tense muscles and restricted ROM 
particularly in the upper trunk region. Existence of musculoskeletal problems was confirmed 
in the clinical examination. Scores higher than those of healthy persons and in line with other 
patient groups [133] were documented prior to intervention (Table 4). Improvement was 
seen following intervention (Table 4) indicating that the GPE-52 total and domain sum-
score give meaningful information on physical signs from the musculoskeletal system also in 
our group of patients.   
It is difficult to relate our findings to other reports. With some exception [48,186], 
symptoms as well as signs from the musculoskeletal system are seldom presented although 
assessment of the system is described as important [24,187,188]. The suggested assessments 
[24,187,188] present as fragmented (active and passive movements, muscle tests of the lower 
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extremities, posture and alignment, neck), similar to assessment of orthopedic problems 
[153]. In a functional perspective, validity of findings from this type of examination, can be 
questioned [153]. It could be argued that the GPE-52 also examines parts. However, 
individual tests are not interpreted in isolation, but added to form summary scales before 
relating the scores to function.  
The GPE-52 instrument has not previously been used in patients with vestibular 
disorders, but it can be concluded that meaningful information regarding the musculoskeletal 
system was obtained, also in our patients.  
Outcome measures 
Outcome measures in view of ICF 
The VSS-SF(NV) and the GPE-52 can be identified as health status measures [189]. The 
VSS-SF(NV) can be further classified as a patient oriented and/or condition specific 
instrument, the  GPE-52 as clinical and/or generic [189]. The purpose of health status 
measures is to describe the burden of disease [190] by use of summary scales to give an 
overall level of functioning [191]. These are characteristics of the VSS-SF(NV) and the 
GPE-52. Trunk acceleration associated with gait as a measure, represents a different 
category. It depicts characteristics of gait and captures physical performance. Restriction in 
the capacity to perform, can also describe the burden of a disease. Using health status 
measures allow comparison across groups, interventions and times.  
There are suggestions [189,191] that the ICF classification system could serve as a 
connecting framework between interventions and outcome measures, to facilitate selection of 
outcome measures in relation to aims. This can be done by so-called linking rules which link 
meaningful concepts observed in items of health measures, to the most fitting ICF categories 
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within the components, i.e. body structure and function, activity and participation. The rules 
do not differentiate between the concepts in the component activity and participation if items 
that contain meaningful concepts addresses both aspects of this component [189]. As part of 
linking the health measures to ICF, scaling systems should also be adjusted and standardized 
[191]. No attempts are made at using the linking rules per se in this work, but the included 
measures are discussed in relation to the components of the ICF. 
At the item level, both the VSS-SF(NV) and the GPE-52 relate to impairment in body 
structure and function [25] by focusing on symptoms stemming from reduced vestibular 
function, and on elements like restricted ROM and strength of muscles, respectively. It could 
be argued that some items in the balance sub-scale of the VSS-SF(NV) and in the GPE 
domains, link to the component activities and participation [189]. However the VSS-
SF(NV) and the GPE-52 are intended to make up various summary scales to reflect the 
burden of the disease, implicit higher scores indicate larger impairments in the present scales. 
As summary scales it could be argued that they go beyond the impairment level, and relate to 
the activity and participation component by indicating the capability to perform. Trunk 
accelerations are associated with body oscillations which in the present work are captured in 
relation to gait. The accelerometer as such, registers impairment in body structure and 
functions [25]. However, information can be obtained on gait at the functional level, 
implying a link to the component activity and participation. Although focus can be set on 
gait, the underlying element targeted, is balance. A shortcoming of ICF is the lack of coding 
a construct like balance [189,190] an important dimension in the present work and in 
physiotherapy in general.  
A health measure is composed of items making up construct/sub-constructs which 
relate to each other in specific manners to create summary scale(s). Reilaibility and validity 
are issues that can be raised if items, as part of a summary scale, are recoded to form new 
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scales, and care should be taken [190] to reduce the risk for measurement errors in assigning 
codes from one to another system.  
Aims of the present intervention (MVRT) were directed at improving dizziness, 
balance and musculoskeletal status. Inclusion of the presented outcome measures was guided 
by the aims, and it can be argued that the measures are acceptable as such.  
Association between the outcome measures 
The included measures were intended to complement each other in addressing symptoms and 
signs facing patients with long-lasting dizziness. In this case we would expect no association 
between the instruments, which was examined by correlation analyses. 
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Table 4: Pearson’s correlation (r) and level of significance (p) between change scores by 
accelerometry, VSS-SF(NV), and the GPE-52 
 
 A-P axis M-L axis V axis VSS-SF(NV)  VSS-V  VSS-A 
A-P axis      0.13    0.09  - 0.10  
M-L axis    - 0.10    0.13  - 0.35  
V axis    - 0.19  - 0.29    0.05  
GPE-52   0.32 - 0.35   0.03   0.21   0.03   0.32 
Posture - 0.18 - 0.631 - 0.24   0.02 - 0.08   0.14 
Respiration   0.03 - 0.09   0.31 - 0.29 - 0.433   0.07 
Movement   0.413   0.03   0.21 - 0.19 - 0.20 - 0.06 
Muscle    0.24 - 0.12 - 0.17   0.851   0.751    0.472 
Skin - 0.08 - 0.17 - 0.33   0.09   0.04   0.11 
1 p < 0.01, 2 p < 0.05, 3p < 0.10 
Correlations: accelometry versus VSS-SF, VSS-V, VSS-A, n = 18; accelometry versus GPE-52, n = 
18; VSS-SF, VSS-V, VSS-A versus GPE-52, n = 20 
A-P axis: antero-posterior axis; M-L axis: medio-lateral axis; V axis: vertical axis 
VSS-SF(NV): Vertigo Symptom Scale-Short Form, Norwegian Version 
VSS-A: Autonomic/anxiety sub-scale 
VSS-V: Vertigo/balance sub-scale 
GPE-52: Global Physiotherapy Examination, 52 items 
 
No significant correlations were seen between change in acceleration values, the 
overall measure of the GPE-52 and the VSS-SF(NV) (Table 4). Accelometry registers body 
oscillations during walking, a physical characteristic of gait. Musculoskeletal dysfunction 
and dizziness measured by the GPE-52 and the VSS-SF respectively, can both be considered 
broad hypothetical constructs [107]. The measures give different types of information, and a 
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lack of correlation could be expected. The 0.63 correlation found between change scores on 
the M-L axis and the domain posture of the GPE-52 (Table 4) may indicate that these factors 
work jointly to control balance in gait. It is possible that even small alterations in posture 
such as that found in the present study (Paper IV), is important for balance control. The 
correlations between the domain muscle on the GPE-52 and the symptom-scale ranging from 
0.47 – 0.85 (Table 4), could indicate that also small improvement in muscle-domain may 
have an impact on perception of symptoms.  
The overall lack of correlations between the measures shows that they capture 
different dimensions. It could be argued that the combined findings reflect a more flexible 
and versatile body. Improved flexibility might allow adjustments according to internal and 
external demands in more functional manners, and thus influence balance [27]. This is also 
in line with the suggestions by Mulavare et al. [192] stating that the whole body contributes 
to balance control during locomotion. In this manner, the measures complement each other.  
Comparing the instruments’ sensitivity to change in line with Moe-Nilssen et al.’s 
recommendations [137] (Table 5), the most significant changes were found on the M-L axis 
of accelerometry, which is of particular importance in the control of balance [119,177], and 
on the global GPE-52 measures followed by the movement domain of the GPE-52. The latter 
result would be in line what could be expected from a clinical point of view.  
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Table 5: Mean (SD) change scores, and standardized response  
mean (SRM) across the outcome measures 
 
 Change scores  SRM 
 Self-reporta   
    VSS-SF(NV) 2.4 (5.8) 0.41 
VSS-V 2.3 (4.4) 0.52 
 VSS-A 0.2 (3.4)  0.06 
 Accelerometry b   
A-P axis  0.005 (0.012)  0.42 
M-L axis  0.015 (0.012) 1.25 
 Musculoskeletal examinationa   
    GPE-52 4.0 (3.0) 1.33 
Posture 0.2 (1.0) 0.20 
Respiration 0.9 (1.4) 0.64 
Movement 2.0 (2.0) 1.00 
Muscle 0.3 (1.5) 0.20 
Skin 0.5 (1.1) 0.45 
a N = 20, b N = 21 
VSS-SF(NV): Vertigo Symptom Scale, Norwegian version  
VSS-V: vertigo/balance sub-scale, VSS-A: autonomic/anxiety sub-scale 
A-P axis: antero-posterior axis; M-L axis: medio-lateral axis  
GPE-52: Global Physiotherapy Examination, 52 items 
 
Main findings  
The observation study: Dizziness and pain  
From the observational study (Sample 1), dizziness and the predictor neck pain (Paper II, 
Table 5) are discussed together as it might be speculated that these symptoms somehow 
relate and reinforce disability. This is followed by a general discussion of findings.  
The severe dizziness (≥12 VSS-SF(NV) points) in our sample, is similar to other 
studies from specialist [103] and primary care [23,67,97] institutions. It can be argued that 
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the findings are representative for patients with long-lasting dizziness regardless of setting. 
The relationship between dizziness and neck pain is complex. We cannot infer that pain was 
due to the dizziness, or the result of a separate condition. We did however, observe that there 
was an increase in patients reporting neck pain from 27 % at baseline (Table 1) to almost    
60 % (n = 298) at the time of the survey (Paper II). Patients with neck pain had significantly 
(p < 0.01) more severe dizziness (mean, SD: 16.6, 10.7 VSS-SF(NV) points) than those not 
having neck pain (mean, SD 10.0 , 9.9 VSS-SF(NV) points).  
Status with respect to dizziness was somewhat surprising taking symptom duration 
into consideration. It is possible that our patients are among the 30 % belonging in the CVI 
category, left with incomplete compensation [29,34].  The CVI syndrome is characterized by 
sensation of disequilibrium, gait ataxia and oscillopsia. Balance related problems were 
identified for patients in the study (Paper II, Table 2). Problems in the musculoskeleletal 
system are considered secondary to dizziness [23,24] and not part of the syndrome. Pain and 
stiffness in the upper and lower part of the body, have however been reported in dizzy 
patients [48,186], also during attacks of dizziness [186]. Musculoskeletal problems were also 
identified in Sample 2 (Paper IV). From a study on patients with cervicogenic dizziness [48] 
it was reported that both pain and dizziness improved with appropriate treatment. It could be 
speculated whether there is a closer connection between dizziness and the musculoskeletal 
system, and if the dysfunctioning systems (vestibular, musculoskeletal) sustain and reinforce 
the functional problems. Anticipation and experiences of attacks of dizziness associated with 
movements, institutes fear and anxiety of movements [6]. Hyper-vigilance to internal and 
external illness information, muscular reactivity and physical disuse, may lead to 
deconditioning and guarded movements [98,193], which aggravate rather than alleviate 
dizziness and pain symptoms. Inactivity in a wide sense prevails and uncorrected self-
interpretation of symptoms could lead into the dizzy vicious circle sustaining and reinforcing 
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the symptoms with each new episode. Perceived threats are acknowledged by fear and 
conscious/unconscious avoidance strategies [6,79]. The psychosocial processes may 
contribute to maintain balance dysfunction.  
Recent attacks of dizziness were reported by almost 60 % (Table 1). The attacks 
could be interpreted as signs of serious illness [6]. Diagnostic confirmation is suggested to 
provide authentication of a physical origin, and is a pre-requisite for psychosocial adjustment 
by supplying a model for future conduct and social relations [98]. When aetiology is 
questioned, adjustment becomes more complicated. This could be true for the non-otogenic 
category in our study, but it is possible that diagnosis per se is of limited value in long-
lasting dizziness (Paper II, Table 5).  
Although it is never too late to start organised rehabilitation [71], it has been shown 
that behavioural activities in the early days are essential for compensation [30]. We are 
aware that advice like “rest to get better” has been given (personal communications). This 
may raise questions of knowledge among health professionals regarding treatment. It also 
raises questions relating to timing of referral to specialist services [4,51,194] which relates to 
the other predictor of current dizziness: duration of complaints (Paper II, Table 5).  There 
are suggestions that referral might be considered if symptoms persist and a cause has not 
been established within 4 to 6 weeks [195]. Considering that more than 70 % of those with 
complaints of dizziness are found in the working age group (Norwegian National Insurance 
Service, 2005), and long-term sickness absentees for this reason represents a risk for 
obtaining disability pension [61], early and correct advice is important. Provision of 
specialist physiotherapy services at primary care levels has been suggested [4], but 
presuppose knowledge about treatment and rehabilitation in the profession.  
In the medical examination at the NCVD, which took place almost (median) 2 years 
after dizziness debut (Paper II), all patients were advised to be physically active to promote 
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compensation. We do not know whether they followed the advice, which is a shortcoming of 
the present work. For patients with long-lasting dizziness, there is probably a need for 
professional care by experienced physiotherapists. This was not an option for patients in 
Sample 1. Dynamic compensation involves the CNS, sensory behavioural substitution 
processes [30,34] and psychological factors [98], and it can be considered an active 
(re)learning process [6,29,30]. This opens for a multitude of approaches in treatment.  
The longitudinal study: Results of the MVRT programme   
Based on the intervention study, the main findings of Paper III and IV are discussed together.  
The attenuation pattern in the trunk (Paper III, Table 3) facilitated more functional 
strategies for the control of balance in gait, and was accompanied by simultaneous 
improvement in spatiotemporal gait parameters (Paper III). The overall and domain specific 
changes in the musculoskeletal system (Paper IV, Table 4), indicated a more versatile and 
adaptable body. The findings were supported by improvement in self-reported symptoms on 
balance (Paper IV, Table 5).  
In a randomized control trial (RCT) [74,196] a programme of Tai Chi was compared  
with traditional VRT. The Tai Chi approach is suggested to promote overall body control by 
focusing on the body-mind interaction [74,196]. The approach with focus on body awareness 
[74,196], has similarities with the MVRT approach. The programmes were arranged as group 
training (10 weeks) and offered to patients with vestibulopathy of long duration. A major 
finding was that trunk control associated with gait was affected, and more natural trunk 
movements, similar to healthy persons, were observed following intervention [74,196]. This 
was not seen in the VRT group. The results are in line with our findings. In another 
randomized study [48] body awareness was part of a programme to improve posture, neck 
and trunk stability in patients with cervicogenic dizziness. Improved trunk stability was 
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retained in a long-term perspective (2 years) [48]. In this latter study, treatment was directed 
at musculoskeletal problems, rather than dizziness per se, which can also said to be in line 
with our approach. It is not unlikely that sub-optimal attenuation in the trunk impact balance 
in patients with long-lasting vestibulopathies. It might be important to focus on the 
musculoskeletal system in patients with long-lasting dizziness. 
Restricted respiration was identified in our patients prior to intervention, but 
improved following intervention (Paper IV, Table 4). Vestibular compensation is promoted 
by eye-head movements aiming at provoking dizziness. Being told to move to provoke 
dizziness, may represent a dilemma as it could be associated with uncomfortable sensations. 
Consciously or unconsciously respiratory restrictions are brought on and over time, 
restriction in respiration, manifest in the musculoskeletal system. Traditional adaptation and 
habituation exercises [64] were therefore incorporated into functional movements, and focus 
was on the movements, not on dizziness. This indirect focus on respiration differs from that 
of another non-randomized study [75], where paced breathing combined with traditional 
VRT programme [75], was compared with 2 other approaches. The results showed an added 
effect on reduction in dizziness in the paced breathing group. In another study [197], 
hyperventilation was found to disrupt mechanisms mediating vestibular compensation. The 
dilemma between respiration, dizziness and bodily reactions needs to be further explored.  
The new attenuation pattern and body movements could indicate greater capacity to 
adapt according to internal and external demands. Improvement was seen in a small sample 
acting as their own controls. Although care should be exerted in drawing conclusions, our 
results are line with comparable studies of stronger designs [48,74]. Changes could be 
associated directly with the intervention, but it is also possible that participation in the 
MVRT has resulted in more active everyday life styles in general, further enhancing 
compensation. The potential for spontaneous change is small in view of the duration of 
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complaints as also recognised by others [196,198], but effect of the intervention needs to be 
tested further in larger samples under controlled conditions. 
The rehabilitation programme’s potential to promote change  
The core element in any VRT programme is exercises provoking dizziness in a direct 
manner. It is possible that this might reinforce the vicious dizzy circle. Our modified 
programme has the potential to break the circle by focusing on bodily movements and thus 
more indirectly on provoking dizziness. It is acknowledged that therapeutic gain is enhanced 
and maintained when patients are actively involved and intrinsically motivated rather than 
externally manipulated [79,193]. Through movements, requirement of active involvement 
are fulfilled. Movements serve as a confrontational and active coping strategy that have 
cognitive elements performance demands attention and focus [79,193]. Movements give 
access to direct experience, central in development of self-efficacy [78] and the strongest 
input to learning. Movements may result in success: “I moved - I managed, dizziness was not 
too bad”, enhancing feelings of taking control [80], in which case it is easy to try again. 
However, negative experiences could sustain anxiety and fear of provoking dizziness, 
retaining the passive life styles. Organised sessions run by a skilled physiotherapist who 
assists in reflection and interpretation of the negative signals, who can coach the patients into 
trying again, is probably crucial to replace avoidance by confrontation. 
Organization in groups enhanced the indirect learning process [78] by giving 
emotional support and the opportunity to observe and discuss experiences with fellow 
patients. This way of thinking was used in the original approach by Cawthorne and Cooksey 
[2]. The group setting, created more “noisy” environments, mimicking everyday settings. It is 
well known that these settings are frequently avoided by dizzy patients as stimuli can be 
overwhelming.  
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As a consequence of impairment, patients in our study were unable to perform as 
expected. The condition was for the majority classified as a peripheral disorder, but over 
time it is possible that it has developed into a central type of disorder [11]. Patients may have 
problems with weighting and integration of input resulting in inadequate problem-solving 
capacity, and consequent motor output. The acquired dysfunctional body strategies may 
retard recovery and assist in cementation of a balance disorder. In our MVRT programme, 
movement was the active coping strategy that holds a potential to return the individual 
towards a more normalised life by rendering balance control an automatic and unconscious 
process.  
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Conclusions and implications 
The translated condition specific instrument, VSS-SF(NV), was found to be 
psychometrically sound. However, responsiveness needs to be further examined, as does cut-
points with respect to severity in view of the acute-chronic condition.  
Use of the VSS-SF(NV) revealed persistent, severe dizziness in a group of patients. 
Dizziness was particularly predicted by long symptom duration and neck pain. It is possible 
that the results are compatible with a sub-optimal compensation process. It is necessary to 
increase knowledge regarding treatment among health care professionals and to look into 
referral routines.  Patients with long-lasting dizziness might benefit from, and should be 
offered, vestibular rehabilitation. 
Improved balance control was seen following the MVRT intervention. Testing 
balance in challenging tasks such as gait might be important to detect change in functional 
status. Testing could be done in even more challenging situations than that of the present 
study. Use of next generation of accelerometers, which also register trunk rotations, may 
advance further knowledge with respect to the control of balance during gait. There is also a 
need to look into clinical tests of balance control as this is currently lacking.  
Musculoskeletal function globally as well as within domains, indicated a more 
versatile and adaptable body. It could be important to also address musculoskeletal problems 
in patients with long-lasting dizziness as they may sustain and reinforce dizziness. A shorter 
version of the GPE-52 instrument, paying particular attention to the upper body and to 
respiration might be sufficient, but both sides should be examined for potential asymmetries. 
This needs to be explored in future studies. 
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The modified vestibular rehabilitation programme developed for the present work, 
was based on a body awareness approach incorporating the more traditional approaches of 
vestibular rehabilitation. The programme addresses musculoskeletal problems in addition to 
dizziness and balance. Compensation is promoted through movements which are introduced 
as active coping strategies and central for the learning process. The design of the intervention 
studies does not allow definite conclusions about effect of the intervention. This needs to be 
explored in larger samples under controlled conditions 
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